The structure and organization of the genome of Agave is still unknown. To provide a genomic tool for searching sequences of the genus, we built and characterized a binary (BIBAC2) genomic library of Agave tequilana Weber var. azul. Clones of the library had an average insert size of 170 Kb. The frequency of inserts with internal Not I sites was 30% and only 5% of the library showed organelle contamination. The library was assessed using probes with high homology to repeated regions (retroelements and rDNA regions), genes involved in the resistance to diseases (NBS-LRR) and genes related to late embryogenesis (LEA). Recombinant clones that hybridized with each of the probes were identified. Our results indicate that the obtained genomic library is suitable for the identification of sequences of interest, for genetic mapping and for studies of gene regulation and expression.
INTRODUCTION
Genomic libraries are derived from the cloning of DNA fragments into vectors. According to their origin, vectors differ in their properties and in the size of DNA fragments they allow to be inserted and are classified as plasmids, cosmids, phages, yeast artificial chromosomes (YAC), P1-derived artificial chromosome (PAC) and bacterial artificial chromosomes (BAC). BAC vectors are currently the most used for genomic libraries because they enable replication and integration of large fragments (Cavagnaro et al., 2009; Akhunov et al., 2005) . Important features of this type of DNA delivery is the Escherichia coli factor F' allowing for strict control of copy number and unidirectional DNA replication, the latter property promoting plasmid stability compared to YAC having poor stability (Willets and Skurry, 1987 BAC technology has had various applications, such as the transformation of clusters of genes of interest in plant cells (Hamilton et al., 1996 (Hamilton et al., , 1999 Liu et al., 1999 Liu et al., , 2002 He et al., 2003) , the construction of contigs (Marra et al., 1997; Boysen et al., 1997) , development of molecular markers (Wang et al., 1996; Nakamura et al., 1997; Yang et al., 1997; Cai et al., 1998; Danesh et al., 1998) and even the isolation and molecular characterization of repetitive DNA sequences. Given the wide range of applications of the BAC vectors, these have been developed in a variety of important crops such as tomato (Choi et al., 1995) , maize (Mozo et al., 1998; Folkertsma et al., 1999) , soybean (Salimath and Bhattacharyya, 1999; Danesh et al., 1998; Tomkins et al., 1999b) , rice (Wang et al., 1995) sugar cane (Tomkins et al., 1999a) and potato (Song et al., 2000) .
The genus Agave comprises about 200 species with its diversification center in Mexico (García-Mendoza, 2002 ); a country where many species of the genus have a significant ecological and economic importance. Given the importance of the genus, cytogenetic studies of Agave have been made since 1936, attempting to determine the size of the genome and its karyotype composition (Doughty 1936; Castorena et al., 1991; Cavallini et al., 1995; Palomino et al., 2005; MorenoSalazar et al., 2007; Robert et al., 2008) . However, decrypting the genome of Agave is a difficult task, due to which Martinez-Hernandez et al. (2010) constructed four cDNA libraries of Agave tequilana var. azul from tissues with different functions and metabolic properties. These authors reported the usefulness of the libraries for the isolation of genes related to stress associated to photosynthesis (rbcL, encoding the small subunit of the RuBisCo), carbon metabolism (NAD-ME1), biosynthesis of oligofructans (1-SST fructosyltransferase) and abiotic stress (LEA). However, the application of these libraries to better understand the structure and organization of the genome in Agave would be impractical, since they only include expressed genes, thus excluding non coding regions (promoters and repeated regions, among others) that have an important role in DNA organization and in the regulation of gene expression (Heslop-Harrison, 2000; White et al., 1994) . Hence, the construction of a genomic library in Agave could become a valuable tool to learn about the organization and structure of genes of interest in Agave.
The present study reports the construction and characterization of a BIBAC of A. tequilana var. azul and demonstrates its usefulness for the identification of genes of interest. In future, the development of this BIBAC library will allow us to perform studies related to: (1) search of molecular markers, (2) identification of genes involved in the resistance of biotic and abiotic factors, (3) transformation of specific genes in plants, (4) comparative genomic studies, and 5) physical mapping of regions, among other issues.
MATERIALS AND METHODS
The young leaves of Agave tequilana var. Azul (2X) were collected in the greenhouse of the Centro de Investigación Científica de Yucatán (CICY).
Construction of a genomic library of A. tequilana var. azul
High molecular weight DNA was obtained by the extraction of isolated nuclei according to the procedures reported by Zhang et al. (1995 Zhang et al. ( , 1996b . The isolated nuclei were later embedded in low melting point (LMP) agarose and arranged in molds that were subjected to analysis according to the study of Ortiz-Vazquez et al. (2005) . The DNA agarose blocks were subjected to pulsed field electrophoresis (PFGE), using the conditions reported by Tao et al. (2002) to remove low molecular weight fragments. To generate fragments of 100 to 300 kb, agarose blocks (each one with approximately 0.5 µg of DNA) were digested in a reaction containing 1.6 U of Bam HI, 1 ml of 1X Bam HI buffer (50 mM TrisHCl, 10 mM MgCl2 and 50 mM NaCl). The reaction was incubated at 37°C for 8 min, after which a tenth of the volume of 0.5 M ethylenediaminetetraacetic acid (EDTA) at pH 8.0 was added. The Tamayo-Ordoñezet al. 15951 restriction of fragments was subjected to PFGE using the equipment CHEF DRII (Bio-Rad, USA) under the following conditions: 6 V/cm, 15 s time switch, 14°C, 0.5X TAE, by 10 h. The gel was stained with ethidium bromide and 100 to 300 Kb DNA fragments were cut and purified by electroelution (Strong et al., 1997) and dialysis bags with an exclusion molecular weight of 14 KDa (Sigma, St. Louis, MO, USA). Then 1 ml final volumes of electroeluate were reduced to 100 µL using Amicon NMWL 3-15 KDa columns. The DNA was quantified and used for ligations. The binary vector BIBAC2 described by Hamilton (1997) was used for cloning the DNA fragments. DNA plasmid was extracted by the alkaline lysis method (Birnboin and Dolly, 1979) and purified by affinity chromatography using the Pure Link Kit (Invitrogen TM Corp., Carlsbad, CA, USA). Subsequently, the vector was linearized with Bam HI enzyme. The reaction contained 0.5 µg of BIBAC2 plasmid DNA, 1U of Bam HI enzyme and 1X Bam HI buffer (50 mM TrisHCl, 10 mM MgCl2, 50 mM NaCl) in a final volume of 15 µL. The reaction was incubated at 37°C overnight, after which it was stopped by the addition of 1.5 µL of EDTA pH 8.0, 0.5 M. Fragments were subjected to 0.8% agarose gel electrophoresis and the gels were stained with ethidium bromide. The linearized plasmid was excised from the gel, purified with ß-agarase (New England BioLabs, USA) and then dephosphorylated using calf intestinal alkaline phosphatase (CIP) (New England BioLabs, USA) in a reaction mixture containing 0.5 µg of BIBAC2 plasmid DNA, 0.3U of CIP and 1X CIP buffer (50 mM Tris-HCl, 100 mM NaCl, 10 mM MgCl2, 1 mM dTT, pH 7.9) in a final volume of 20 µL. Subsequently, the plasmid was cleaned with ß-agarase.
The ligation was conducted with a 1:5 vector: insert relationship. Ligation mixtures contained 85 ng of DNA (insert + vector), 2U of T4 DNA ligase (New England BioLabs, USA), 1X buffer T4 DNA ligase (50 mM Tris-HCl, 100 mM NaCl, 10 mM MgCl2, 1 mM dTT, pH 7.9) in a final volume of 10 µL. The reaction was incubated overnight at 16°C. Afterwards, 5 µL of the ligation mixture was used to transform E. coli DH10B competent cells. The transformation was carried out by electroporation at 350 V, 330 lF capacitance and 4 kW resistance. The transformation was transferred to 1 ml of SOC (2% bacto tryptone, 0.5% yeast extract, 10 mM KCl, 10 mM MgCl2, 10 mM MgSO4, 20 mM glucose, pH 7.0) and incubated for 1 h at 37°C and 250 rpm. The transformants were grown overnight at 37°C in selective medium (Luria broth (LB) plus kanamycin (30 mg/L) and 5% sucrose). Selected colonies were grown in medium supplemented with kanamycin LB and then stored at -60°C until use. The efficiency of transformation was calculated according to the formula: transformed UFC = (number of colonies)(original volume of transformation)(dilution ratio) / (volume used in the plate); and Efficiency of transformation = UFC transformed / plasmid DNA in µg (Sambrook et al., 1989) . The reported values were obtained from the CFU count of ten independent transformation events.
Estimation of insert size, internal Not I sites, percentage of empty clones and redundant clones
One hundred clones were randomly selected, the plasmid DNA was extracted according to Birnboim and Dolly (1979) and digested with Not I enzyme (New England BioLabs, USA) incubated at 37°C overnight. The restriction profiles of clones were analyzed by PFGE in 0.8% agarose gels. The insert size was estimated by comparison with a high molecular weight ladder (NEB, USA). The percentage of empty clones was determined by the absence of extra bands besides the cloning vector. The percentage of Not I internal sites was determined by the presence of more than one band, exclusive of the insert. In order to analyze the redundancy of clones in the library, one hundred clones with insert were analyzed by incubation with the restriction enzymes Eco RV and Hind III, after which insert clones showing the same profile were tagged as redundant.
Calculation of the probability of finding a sequence of interest in the A. tequilana var. azul BIBAC and estimation of the representativeness in the species' genome A calculation of the probability (P) of finding a single copy sequence in the Agave BIBAC was made by the formula: N = ln (1-P) / ln (1-I/GS) (Clarke and Carbon, 1976) , where N is the number of recombinants needed to find the sequence of interest, I is the insert size in base pairs (bp) and GS is the size in bp of the haploid genome. The level of coverage of the genome (W) was estimated by the formula: W = NI/GS (Paterson, 1996) .
Representation in the BIBAC of regions of interest and contamination by organelle DNA
Using bioinformatics, seven pairs of primers were designed for the amplification of sequences specific to rbcL, 5S and 18S rDNA, NAD4, NBS-LRR, LEA and retroelements (Table 1 ). The primers corresponding to the NBS-LRR, LEA and rbcL genes were designed using sequences isolated from an EST library of Agave fourcroydes (Unpublished data). In the case of NAD4, the primers were designed from sequences reported in GenBank (NCBI) for Agave parryl and Agave celsii, with accessions numbers AANS2069.1 and ABB16359.1, respectively. The specific primers of retroelements used were those reported by Xion and Eickbush et al. (1990) , which amplified the conserved domains of the reverse transcriptases of the retroelements DVKTFLH (N) G-LLYVDDM (V) and RMCVDYR-YAKLSKS. Finally, the primers of 5S and 18S rDNA genes were designed from a consensus sequence of ribosomal regions obtained by sequencing rDNA from different Agave species. The software packages used for sequence alignment and analyses were BioEdit, Mega 4.1 and Dnasp5. The design of primers was performed using DNAman and Oligo analyzer. The primers used are positioned on conserved regions or domain features of the proteins encoded by the above-mentioned genes. The sequences of the used primers are shown in Table 1 . The identities of the amplified fragments were confirmed by sequencing and the sequences were submitted to GenBank.
The primers were used to amplify probes for screening of the clones. To do this, in a 22.5 cm nylon membrane (Hybond N + , Amersham Pharmacia Biotech, Arlington Heighers, IL, EEUU) 2,880 BIBAC library clones were set in 96 points (Figure 1a) . Each point of the membrane contained a mixture of 30 clones. The membranes were hybridized with probes corresponding to the retroelements, rDNA, NBS-LRR, LEA and organelle DNA including chloroplast and mitochondrial DNA (rbcL and NAD4, respectively). Probes were labeled with digoxigenin-11-dUTP by polymerase chain reaction (PCR) as described by Fulnecek et al. (2002) . Hybridized probes were immunodetected with anti-digoxigenin-AP and revealed with the substrate CSPD. The membranes were exposed to X-ray film; clones showing a signal were analyzed by PCR at 3 different levels. Two PCR reactions, including DNA from 15 clones (equimolar concentration) were evaluated (Figure 1b) . If amplification was positive, a PCR reaction was made divided in reactions including only 5 clones (Figure 1c ) and, finally, if amplification was positive, individual PCR reactions were ran (Figure 1d ).
Identification of clones with possible application for the genetic mapping of Agave
A group of 10 randomly selected clones were analyzed, each containing a region of interest (NBS-LRR, LEA, 18S rDNA, 5S rDNA and retroelements). A total of 40 clones were assessed by digestion with the enzyme Apo I and incubated at 50°C overnight. The restriction profile of these clones was analyzed by PFGE in a 0.8% agarose gel. Redundancy of clones was determined from the observed restriction profiles.
RESULTS

Characterization of the BIBAC of A. tequilana var. azul
A binary genomic library (BIBAC) was successfully built from nuclear DNA of A. tequilana var. azul, on the basis of a nuclei solution from 10 individuals of A. tequilana var. azul. Fragments selected for cloning were in a size range of 100 to 300 Kb. The relation vector: insert used for the construction of the BIBAC2 was 1:5. The efficiency of transformation was estimated at 3.4 × 10 3 clones/µg of DNA, using electrocompetent cells. The partial library consists of 9,800 clones.
To estimate the size of insert of the clones forming the library, 100 clones were selected at random and were digested with the enzyme Not I and analyzed by PFGE (Figure 2 ). The average insert size of clones was estimated at 170 Kb. More than 50% of the analyzed clones showed inserts within a size range of 100 to 200 Kb (Figure 3 ). Only 10% of the clones were empty and 30% contained internal Not I sites. Moreover, 15% of the analyzed clones were redundant. Considering that the 1CX genome size (not replicated nuclear DNA content) of A. tequilana var. azul is 4.40 pg (Bannerje and Sharma, 1987) ; this percentage would correspond to 4312 Mpb (Banerjee and Sharma, 1987) . The clones obtained in the A. tequilana var. azul genomic library represented 0.38 X of the haploid genome of Agave. According to Clarke and Carbon (1976) , the probability of obtaining a particular clone in this library using a single copy probe is around 8.3%.
BIBAC with organelle DNA contamination
To estimate the contamination of the BIBAC with organelle DNA, a membrane was analyzed containing 2,880 clones representing 30% of the library. It was estimated that 3% of clones contained mitochondrial DNA and 2% chloroplastic DNA. These data indicate that 95% of the clones contained nuclear DNA. Furthermore, to demonstrate the usefulness of the library for the identification of genes of interest related to biotic stress (NBS-LRR), embryogenesis (LEA) and highly repetitive sequences (retroelements and rDNAs), a total of 2,880 clones were analyzed for each gene of interest. We identified clones corresponding to each region of interest (Table 2 ). According to the results, the repetitive sequences are most represented in this library (7.5%), followed by NBS-LRR (0.76%) and LEA regions (0.28%). These results indicate that the obtained genomic library is a great tool for searching genes of interest.
In order to evaluate the presence of specific genes/ of A. tequilana var. azul. The future identification of these clones could be used for genetic mapping studies in the species.
DISCUSSION
This study reports the construction and characterization of a partial BIBAC of A. tequilana var. azul with an average size of inserted fragment of 170 Kb, greater than that reported for other species' BACs in Arabidopsis, tomatoes and maize having an insert size of 100 kb (Choi et al., 1995; Mozo et al., 1998; Folkertsma et al., 1999) .
Genomic libraries of soybean have an average insert size of 105 Kb (Salimath and Bhattacharyya, 1999) , 120 Kb (Danesh et al., 1998) and 136 Kb (Tomkins et al., 1999b) . The average insert size estimated in the genomic library of rice was found to be of 125 Kb (Wang et al., 1995) , 130 Kb in sugar cane (Tomkins et al., 1999a) and of 155 Kb in potato (Song et al., 2000) . The cloning in the present work of fragments greater than those reported for other BACs, suggests that this is related to DNA integrity and to the enrichment of large fragments (100-300 kb). In addition, 30% of the clones contain internal Not I sites, suggesting a low GC content or CpG Islands in the genome of Agave. He et al. (2003) also reported that the G+C content in monocotyledon plants, such as Agave, is higher than the same in dicots. This could reduce the frequency of finding the recognition site for the enzyme Not I. The high quality of the library reported herein is demonstrated both by the low percentage of empty clones found (10%) -similar to that in the BIBACs of Lysopersicon esculentum and L. pennellii (Hamilton et al., 1999) -and by the low percentage of organelle DNA (3%) contamination -which was comparable to that reported for other BACs. An important aspect to highlight is the high representation of retroelements found in this library of A. tequilana Weber var. azul. The retroelements are considered to be a mutation source having an evolutionary importance due to its insertion mechanism (Xion and Eickbush, 1990) . The genetic variability resulting from the insertion of retroelements in the genome contributes to genomic rearrangements and to the increase in size of the genomes of plants (SanMiguel and Bennetzen, 1998; Wang et al., 1999) . It is suggested that retroelements represent more than 50% of the genome of higher plants (SanMiguel et al., 1996) , so, it is not surprising to find that 7.5% of the Agave library contains retroelements. Sequencing projects of Daucus carota L. (Cavagnaro et al., 2009) , Zea mays (Meyers et al., 2001) , Triticum urartu (Akhunov et al., 2005) , Pisum sativum (Blemishes et al., 2007) and Secale cereale (Bartos et al., 2008) among others, demonstrated that in these species the retroelements are represented by 56-88%.
It is also important to mention that Agave belongs to a genus of recent origin, with a rate of species diversification varying between 0.32 to 0.56 species per one million years (Good-Avila et al., 2006) , a high value in comparison with the same rate reported for angiosperms (0.077 to 0.089) (Magañon and Sanderson, 2001) . So far, the events that cause this diversification are not known with enough accuracy and the retroelements could be playing an important role in this genus. Also it has been reported that the variation in the size of plant genomes is in part caused by the accumulation of repetitive elements (Flavell et al., 1974; Flavell, 1980) ; in species of Agave in particular, the retroelements may also be involved in the size of this species genome.
Concerning the representativeness of the obtained library, Agave presents a medium size genome of 4312 Mpb (Banerjee and Sharma, 1987) compared to other plant species, such as those of Citrus clementina (367 Mpb) (Terol et al., 2008) , Musa acuminata (600 Mpb) (Ortiz and Vazquez et al., 2005) , Oryza nivara (760 Mpb) (Ammiraju et al., 2006) and Pinus pinaster (23 000 Mpb) (Bautista et al., 2008) . High representativeness in the construction of genomic libraries has been reported for several species of plants, for which automatic procedures and equipment has been used. However, the larger the genome the studied subjects is, the lower will be the representativeness of the genome in the libraries. Even in P. pinaster, a species with a large genome size (23 000 Mpb) compared to that of Agave, until date the total representation of 1CX value has not been achieved.
The obtained library for A. tequilana represents 0.38X of the haploid genome of Agave; this level of representation is significant considering that the genome of this species is 33 times larger than that of Arabidopsis and that the BIBAC was not built by automated processes. In addition, clones positive to genes of interest has proven not to be redundant and possibly have different locations in the genome of Agave. These clones could be used for future physical and genetic mapping in this species. This is the first reported genomic library of A. tequilana var. azul, which can be used as a powerful tool for studying the genome of Agave and for studies of functional genomics and genetic engineering in this species.
